Introduction
Laryngeal carcinoma is the second most common malignancy in the head and neck region (Chu et al., 2008) . Except for invasion and metastasis, multidrug resistance (MDR) is a major reason related to the failure of treatment in human laryngeal cancer. Therefore, the mechanisms underlying MDR in laryngeal cancer cells are attracting extensive attention. So far, the pathogenetic mechanisms that regulate MDR in laryngeal carcinoma cells are still not well known.
It is well-known that the rapid proliferation of malignant cells and the irregular local vasculature jointly favor the formation of hypoxic areas within human solid tumors including laryngeal cancer. Hypoxia subjects cells to a series of functional adaptive responses through both gene regulation and post-transcriptional modification of certain proteins (Wang et al., 1995) . One of multiple adaptive behaviors is that hypoxic cells clearly come to resist chemotherapy in various types of cancer, such as lung cancer (Wohlkoenig et al., 2011) , oral cancer (Yoshiba et al., 2009 ) and ovarian cancer (Huang et al., 2010) . Unfortunately, the detailed mechanisms for chemotherapy resistance of hypoxic cells are still not The adaptive response of tumor cells to hypoxia conditions is dependent on a series of regulators. Hypoxiainducible factor-1 (HIF-1), which is generally considered as a critical molecule for hypoxic cells to experience the hypoxic adaptive alterations by regulating the transcription of a number of target genes (Li et al., 2010) . HIF-1 consists of HIF-1α and HIF-1β subunits. In contrast to the constitutively expressed HIF-1β, HIF-1α stability and synthesis is strictly regulated by cellular oxygen levels and growth factors stimulation (O'Donnell et al., 2006) . HIF-1α has been regarded as a key element to mediate the function of HIF-1 to activate a set of hypoxia-inducible genes, regulating tumor angiogenesis (Park et al., 2010) , metastasis (Jing et al., 2012) , resistance to therapy (Zhu et al., 2005; Huang et al., 2010) and other adaptations to hypoxia. Recently, several literatures have reported that overexpression of HIF-1α protein is significantly correlated with local recurrence, tumor progression and metastasis in human laryngeal carcinoma (Schrijvers et al., 2008; Wu et al., 2010) , suggesting that HIF-1α might serve as a determinant of malignant biological behaviors of laryngeal cancer cells. However, it is far from clear whether HIF-1α is responsible for the occurrence of MDR in laryngeal cancer cells.
In our study, we investigated the regulation of MDR by hypoxia in laryngeal carcinoma cells. Meanwhile, we also explored the role of HIF-1α in hypoxia-induced resistance to chemotherapy drugs of laryngeal cancer cells and its possible mechanisms
Materials and Methods

Cell line and culture
The laryngeal carcinoma cells Hep-2 was gained from the American Type Culture Collection (ATCC) and multidrug-resistant cell variant Hep-2T had been prepared and characterized in our previous work (Li et al., 2007) . All cell lines were maintained as monolayers in Dulbecco's modification of Eagle's medium (DMEM; Gibco Corporation, USA), supplemented with 10% fetal bovine serum (Hyclone, USA) and antibiotics (100 IU/ ml penicillin and 100 IU/ml streptomycin) at 37°C in a humidified atmosphere containing 95% air and 5% CO 2 .
Exposure to hypoxia
For hypoxic exposure, tumor cells were cultured in a modulator incubator chamber (NuaireTM US autoflow CO 2 water jacketed incubator) at 37°C with 94% N2, 1% O2 and 5% CO 2 .
Inhibition of HIF-1α expression by RNA interference
The double strand siRNA oligonucleotide t a r g e t i n g h u m a n H I F -1 α g e n e ( s e n s e : 5-CUGAUGACCAGCAACUUGAdTdT-3, antisense: 5-UCAAGUUGCUGGUCAUCAGdTdT-3) was synthesized by Shanghai Genepharma Co. Ltd. (China), which was confirmed previously (Sowter et al., 2003) . Meanwhile, a nonspecific control siRNA (sense: 5-AGUUCAACGACCAGUAGUCdTdT-3, antisense: 5-GACUACUGGUCGUUGAdTdT-3) was also synthesized by Genepharma Company, which was identified no homology to any human transcripts in records. Laryngeal carcinoma cells should be cultured in antibiotics-free medium for 24 hours before transfection with siRNA (100 nM) using Lipofectamine 2000. After transfection for 24 hours, the cells could be harvested and examined.
Real-time quantitative RT-PCR (QRT-PCR) for HIF-1α
Total RNA was extracted from Hep-2 and Hep-2T cells using Trizol reagent (Invitrogen) according to the manufacturer's instructions. Then, the cDNA was synthesized from the isolated RNA by the reverse transcription reaction (RT), which was performed as in our previous study . HIF-1α primers were 5-AACATAAAGTCTGCAACATGGAAG-3 (sense) and 5-AACATAAAGTCTGCAACATGGAAG-3 (antisense). GAPDH (internal control) primers were 5-CATCTTCCAGGAGCGAGA-3 (sense) and 5-TGTTGTCATACTTCTCAT-3 (antisense). PCR amplification was performed in a 20 μL final reaction mixture including a diluted complementary DNA (cDNA) solution, 10 μM of each primer, and 10 μL SYBR Green PCR Master Mix. The thermal cycling conditions were shown as the following: one cycle at 95˚C for 10 minutes, 40 cycles at 95˚C for 15 seconds and at 60˚C for 60 seconds. The data of QRT-PCR were analyzed by the 2 -rrCT method (Livak et al., 2001) .
Western blot analysis for HIF-1α
After appropriate treatment according to experimental demand, laryngeal cancer cells were harvested and lysed with a cold radioimmune precipitation buffer (RIPA) protein lysis buffer for 30 minutes. Then, equal amounts of protein extracts (25 μg) were loaded onto sodium dodecyl sulfate polyacrylamide gel electropheresis (SDS-PAGE, 5% stacking gel and 8% separating gel for HIF-1α), followed with a separation at 80 V for about 2 hours and transferred onto a polyvinylidene difluoride (PVDF) membrane (Millipore), blocked overnight with 4% skimmed milk for 1.5 hours at room temperature. After that, they were incubated with primary antibodies overnight at 4˚C (HIF-1α 1:100, mouse antihuman; β-actin, 1:1000, rabbit anti-human) followed by horseradish peroxidase-conjugated anti-rabbit or antimouse secondary antibodies (1: 2000; room temperature, 1 hour). Finally, labeled bands from washed blots were detected by electrogenerated chemiluminescence (ECL) according to the manufacturer's instructions.
Analysis of multidrug resistance of laryngeal cancer cells
The sensitivity of laryngeal cancer cells to 5-FU, cisplatin, adriamycin, paclitaxel and gemcitabine was measured by 3-(4, 5-dimthylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay, and cells were plated in 96-well culture panels (5×10 3 cells/well). 12 hours later, cells were treated with relevant doses of chemotherapy agents and cultivated for 48 hours under normoxic or hypoxic conditions. The sensitivity of cells to different agents was tested with MTT assay, and the concentration of each drug that caused a 50% reduction in the number of cells (IC 50 ) was calculated according to the manufacturer's protocal. Each experiment was operated at least three times.
Annexin-V/propidium iodide staining
The apoptotic indices (AI) of laryngeal cancer cells were detected by flow cytometry (FCM). In brief, cells in the log phase were plated into six-well plates (4×10 5 cells/well) and cultured overnight at 37˚C. Then, culture medium was renewed and incubated in normoxia or hypoxia for 12 hours. Paclitaxel was added to each well until a final concentration of 2.5×10 -9 M was reached. Cell culture was continued for 48 hours. After that, 5 μL (50 μg/ml) of Annexin-V-FITC were added to these cells, and cells were incubated for further 10 minutes. After washed twice in DMEM, cells were resuspended in 190 μL of Tris-HCl buffer. Then 10 μL (20 μg/ml) of propidium iodide (PI) were added to the resuspended cells and cultured at 4˚C for further 10 minutes. The mean fluorescence intensity of Annexin-V-FITC/PI was detected by FCM. Finally, the apoptosis rate was calculated at the mean fluorescence intensity.
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Statistical analysis
Our data were expressed as mean ± standard deviation (SD). Comparisons of quantitative variables were valuated by Student's t-test or one-way ANOVA analysis with SPSS13.0 statistical software (SPSS Inc, Chicago, Illinois, USA). Probability value of less than 0.05 was considered statistically significant.
Results
Hypoxia increased multidrug resistance of laryngeal carcinoma cells
The sensitivity of laryngeal cancer cells to multiple categories of chemotherapeutic drugs was assessed by MTT assay under normoxic and hypoxic conditions. The chemotherapy drugs tested were all less effective under hypoxic conditions than that of normoxia in both drugsensitive cells Hep-2 (P<0.05; Table 1 ) and drug-resistant cells Hep-2T (P<0.05; Table 2 ). Both Hep-2 and Hep-2T cells exhibited a stronger drug resistance in hypoxia.
Hypoxia up-regulated expression of HIF-1α protein in laryngeal carcinoma cells
When laryngeal cancer cells were cultured under hypoxic conditions for 6, 12, 24, or 48 hours, the expression of HIF-1α were determined by QRT-PCR and Western blot. As shown in Figure 1A , there were no obvious difference in the expression of HIF-1α mRNA between hypoxic group and normoxic group of Hep-2 and Hep-2T cells (P>0.05). Western blot analysis revealed that the expression of HIF-1α protein in Hep-2 and Hep-2T cells had a time-dependent increase when cells were exposed to hypoxia, and reached a peak value at 24 hours under hypoxic conditions (P<0.05; Figure 1B and 1C) .
Inhibition of HIF-1α expression suppressed multidrug resistance of hypoxic laryngeal cancer cells
In order to explore the role of HIF-1α in hypoxiainduced multidrug resistance, both Hep-2 and Hep-2T cells had been transfected with either a double strand siRNA oligonucleotide targeting HIF-1α gene (HIF-1α-siRNA) or nonspecific control siRNA for 24 hours before incubation under hypoxic conditions. As can be seen in Figure 2 , both mRNA and protein expression of HIF-1α in hypoxic laryngeal cancer cells were obviously down-regulated after transfected with HIF-1α-siRNA in comparison to the negative control or untreated control (P<0.05). Then, to evaluate whether siRNA-directed suppression of HIF-1α expression sensitized hypoxic cells to cytotoxic agents, we compared the drug sensitivity of the siRNA-treated to that of the mock-treated cells using MTT assay. The data showed that the sensitivity of hypoxic laryngeal cancer cells to paclitaxel, doxorubicin, gemcitabine, 5-FU, and cisplatin was significantly upregulated by inhibiting the expression of HIF-1α protein (P<0.05; Table 3 and 4).
HIF-1α protects hypoxic laryngeal cancer cells from apoptosis induced by paclitaxel
As shown in Figure 3A , FCM with Annexin-V/PI staining indicated that the percentages of Hep-2 and Hep-2T cells apoptosis induced by paclitaxel were much less in hypoxia compared with normoxia (29.18%±3.12% vs. 48.72%±3.21%, P<0.05; 5.63%±1.71% vs. 2.52%±1.69%, P<0.05; respectively). Moreover, to assess the effect of HIF-1α in hypoxic protection of Hep-2 and Hep-2T cells from apoptosis induced by paclitaxel, Annexin V/PI staining assay revealed that cells transfected with HIF-1α-siRNA could obviously enhance drug-induced apoptosis in hypoxia (P<0.05; Figure 3B ).
HIF-1α decreased intracellular ADM accumulation and retention
The effects of HIF-1α on intracellular drug accumulation and retention in hypoxic laryngeal cancer cells were evaluated using ADM. The fluorescence intensity of intracellular ADM was detected by FCM and the ADM-releasing index was then calculated. As shown in Figure 4A and 4B, laryngeal cancer cells subjected to hypoxia showed a significantly decreased ADM accumulation and retention, as well as an increased releasing index (P<0.05). Furthermore, downregulation of DOI:http://dx.doi.org/10.7314/APJCP.2013.14.8.4853 Hypoxia Induced Multidrug Resistance of Laryngeal Cancer Cells via Hypoxia-inducible Factor-1α HIF-1α expression in hypoxic laryngeal cancer cells by transfected with HIF-1α-siRNA could obviously enhance the accumulation and retention of ADM, as well as reduce the release of ADM (P<0.05; Figure 4C and 4D).
Discussion
Regional microenvironment hypoxia could be commonly observed in human solid tumors. Up to date, a mounting body of evidence has confirmed that the hypoxic microenvironment is associated with invasion and metastasis (Zhang et al., 2013) of tumors. Additionally, a series of studies have demonstrated that the effects of chemotherapy could be reduced by hypoxia in certain tumors (Zhu et al., 2005; Liu et al., 2008; Huang et al., 2010) , which has become a main obstacle in the development of effective anticancer therapy. To further determine whether hypoxia has an influence on multidrug resistance (MDR) of laryngeal cancer cells, we compared the drug sensitivity to 5-FU, cisplatin, adriamycin, paclitaxel and gemcitabine -five common chemotherapy drugs in treating human laryngeal cancerof hypoxic Hep-2 and Hep-2T cells with that of nomorxic cells. Consequently, we found that all tested drugs were less effective in hypoxic laryngeal cancer cells than in nomorxic cells, almost in line with previous literatures about other cancer (Zhu et al., 2005; Liu et al., 2008) . It has been elucidated that hypoxia could disturb the therapies against human malignancies by decreasing the effects of various chemotherapeutic drugs.
The hypoxic acquisition of MDR has been confirmed with respect to induction of some genes expression, which has been related to drug resistance. Nevertheless, the key transcriptional regulator that modulates the expression of drug-resistance-associated genes in hypoxic laryngeal cancer cells still remains to be identified. HIF-1α has been considered as a major transcriptional factor, which has been shown to be involved in the regulation of drug resistance acquired by hypoxia (Zhu et al., 2005; Liu et al., 2008; Huang et al., 2010) . Consistent with the results of Wu et al. (2010) , our previous study has confirmed that HIF-1α expression was highly expressed in human laryngeal carcinoma tissues and significantly correlated with tumor stage and lymph node metastasis, elucidating that HIF-1α may have effect on the progression of laryngeal cancer. Equally important, the present data demonstrated that the expression of HIF-1α protein in Hep-2 and Hep-2T cells was obviously enhanced by hypoxia, supporting the notion that HIF-1α is a hypoxia-dependent regulator of laryngeal cancer cells. Moreover, our study showed that blockage of HIF-1α expression could significantly up-regulate the sensitivity of laryngeal cancer cells to the abovementioned drugs -5-FU, cisplatin, adriamycin, paclitaxel and gemcitabine -under hypoxic environments. That is to say, HIF-1α mediates hypoxia-induced MDR in laryngeal cancer cells, and knockdown of HIF-1α expression might be regarded as an available method to reverse the MDR of human laryngeal cancer.
The active HIF-1α conferred MDR in hypoxic laryngeal cancer cells. However, the intrinsic mechanisms that arouse above -mentioned phenomena have not yet been devised. Our analytical data clearly showed that hypoxia could reduce the apoptosis of laryngeal cancer cells induced by paclitaxel. Further study from transfected cells has indicated that inhibition of HIF-1α expression lead to an increase in apoptosis of laryngeal cancer cells under hypoxic conditions. Almost consistent with the results of Liu et al. (2008) and Tak et al. (2011) , our results elucidated that HIF-1α might partly be involved in hypoxia-induced MDR in laryngeal cancer cells via suppressing drug-induced apoptosis. The underlying mechanisms of HIF-1α in suppression of apoptosis in laryngeal cancer cells induced by chemotherapeutic drugs remains to be further determined. Besides, it has already been confirmed that the enhancement of drug transport function is another important mechanism of MDR acquired by hypoxia in several kinds of tumor cells (Thews et al., 2011; Chou et al., 2012) . The present study demonstrated that hypoxia carried out an increased function of transporting a variety of chemotherapeutic drugs such as 5-FU, cisplatin, adriamycin, paclitaxel and gemcitabine, leading to decreased intracellular drug concentration and reduced cytotoxicity. Meanwhile, blocking the expression of HIF-1α in laryngeal cancer cells could abolish the upregulation of transport function induced by hypoxia. These results demonstrated that the function for drug transport which up-regulated by HIF-1α partly contributed to MDR in hypoxic laryngeal cancer cells. Further research is necessary to determine the exact mechanisms underlying the effect of HIF-1α on MDR in human laryngeal cancer.
In conclusion, our study demonstrates that HIF-1α may play a key role in mediating MDR in laryngeal cancer cells under hypoxic conditions. Meanwhile, our data indicate that two possible mechanisms for HIF-1α contributing to MDR are the resistance to drug-induced apoptosis and the decrease of intracellular drug concentration in vitro. All data may be of some interest for reversing MDR of human laryngeal cancer based on HIF-1α-dependent mechanisms.
